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WHAT IS CLAIMED IS: 



\J A p-channel depletion mode floating gate transistor, comprising: 

a first source/drain region and a second source/drain region separated by a 

depletion mode p-type channel region in ar/n-type substrate; 

a floating gate opposing the p-typ/ channel region and separated therefrom 

by a gate oxide; 

a control gate opposing the floating gate; and 

/ 

wherein the control gate is separated from the floating gate by an 
asymmetrical low tunnel barrier intergate insulator. 

/ 

2. The p-channel depletion mode floating gate transistor of claim 1, wherein the 
asymmetrical low tunnel barrier /intergate insulator includes aluminum oxide 
(A1 2 0 3 ), wherein the aluminumvoxide has a number of small compositional ranges 
such that gradients which produce different barrier heights at an interface with the 
floating gate and control gate. 



3. The p-channel depletion mode floating gate transistor of claim 1, wherein the 
asymmetrical low turmel/barrier intergate insulator includes an asymmetrical 
transition metal oxide. 



4. The p-channel/depletion mode floating gate transistor of claim 3, wherein the 
asymmetrical transition metal oxide is selected from the group consisting of Ta^, 



Ti0 2 , Zr0 2 , and Nb 



5. The p-chanhel depletion mode floating gate transistor of claim 1, wherein the 
asymmetrical lowj tunnel barrier intergate insulator includes an asymmetrical 
Perovskite oxideftunnel barrier. 
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6. The p-channel depletion mode floating gate transistor of claim 5, wherein the 
asymmetrical Perovskite oxide tunnel barrier is selectedjfrom the group consisting 
of SrBi 2 Ta 2 0 35 SrTi0 3 , PbTi0 3 , and PbZr0 3 . 



7. The p-channel depletion mode floating gatwansistor of claim 1 , wherein the 
floating gate includes a polysilicon floating gate having a metal layer formed 
thereon in contact with the asymmetrical low tunnel barrier intergate insulator. 

/ 

8. The p-channel depletion mode floating gate transistor of claim l x wherein the 



control gate includes a polysilicon control'gate having a metal layer formed thereon 
in contact with the low tunnel barrier intergate insulator, wherein the metal layer 



includes a metal layer that has a different work function than the metal layer formed 
on the floating gate. 



A vertical, p-channel depletion mode non volatile memory cell, comprising: 
a first source/drain region formed on a substrate; 

a body region including a p-type depletion mode channel region formed on 



the first source/drain region^ 

a second source/drain region formed on the body region; 

a floating gate opposing the channel region and separated therefrom by a 



gate oxide; 



a control gate opposing the floating gate; and 
wherein the cpntrol gate is separated from the floating gate by an 

asymmetrical low tunnel barrier intergate insulator having a number of small 

lj 

compositional ranges such that gradients can be formed which produce different 
barrier heights atlan interface with the floating gate and control gate. 



H insulator. 
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10. The vertical, p-channel depletion mode non volatile memory cell of claim 9, 
wherein the asymmetrical low tunnel barrier intergate insulator includes an insulator 
selected from the group consisting of A1 2 0 3 , Td^OjTiO^ Zr0 2 , Nb 2 0 5 , SrB^Ta^, 
SrTi0 3 , PbTi0 3 , and PbZr0 3 . 

1 1 . The vertical, p-channel depletion mod/ non volatile memory cell of claim 9, 
wherein the floating gate includes a polysiMon floating gate having a metal layer 
formed thereon in contact with the asymmetrical low tunnel barrier intergate 



10 

03 12. The vertical, p-channel depletion mode non volatile memory cell of claim 




rj 11, wherein the control gate includes a polysilicon control gate having a metal layer 

rf II 

formed thereon in contact with the low tunnel barrier intergate insulator, wherein the 

- / 

H 3 metal layer includes a metal layer that has a different work function than the metal 

ru / 

fy 1 5 layer formed on the floating gate. 




13. The vertical, p-channel depletion mode non volatile memory cell of claim 9, 
wherein the floating gatC includes a vertical floating gate formed alongside of the 
body region. 




14. The vertical, p-channel depletion mode non volatile memory cell of claim 
13, wherein the/ontrol gate includes a vertical control gate formed alongside of the 
vertical floating gate. 



25 15. The vertical, p-channel depletion mode non volatile memory cell of claim 9, 

wherein^fhe floating gate includes a horizontally oriented floating gate formed 
alongside of the body region. 
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16. The vertical, p-channel depletion mode non volatile memory cell of claim 
15, wherein the control gate includes a horizontally oriejfted control gate formed 
above the horizontally oriented floating gate. 

5 A non-volatile memory cell, comprising: 

a first source/drain region and a second soifrce/drain region separated by a p- 
type channel region in an n-type substrate; 

a polysilicon floating gate opposing the^channel region and separated 
^ therefrom by a gate oxide; jj 

5 10 a first metal layer formed on the polysilicon floating gate; 

pj a metal oxide intergate insulator formed on the metal layer, wherein the 

metal oxide intergate insulator includes/an asymmetrical metal oxide having a 
p number of small compositional rangesflsuch that gradients can be formed in an 

s applied electric field which produce.different barrier heights at an interface with the 

p i 15 floating gate and control gate; / 

* M a second metal layer formed on the metal oxide intergate insulator, wherein 

fcri jj 

O the second metal layer has a different work function from the first metal layer; and 

jj 

a polysilicon control gate formed on the second metal layer. 



20 18. The non- volatile memory cell of claim 17, wherein first metal layer includes 

a parent metal for the asymmetrical metal oxide and the second metal layer includes 
a metal layer having a w>rk function in the range of 2.7 eV to 5.8 eV. 



19. The non- volatile memory cell of claim 17, wherein the second metal layer is 
25 platinum (Pt) and JL e metal oxide intergate insulator is selected from the group 

consisting of Tiq{ SrTi0 3 , PbTi0 3 , and PbZr0 3 . 
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20. The non- volatile memory cell of claim 17, wMerein the second metal layer is 
aluminum and the metal oxide intergate insulator isfselected from the group 
consisting of Ta^, Zr0 2 , SrBiJa^, SrTi0 3 , P|m0 3 , and PbZr0 3 . 

2 1 . The non- volatile memory cell of claimfl 7, wherein the metal oxide intergate 
insulator is selected from the group consisting of A1 2 0 3 , Ta^, Ti0 2 , Zr0 2 , Nb 2 0 5 , 
SrBiJa^, SrTi0 3 , PbTi0 3 , and PbZr0 3 . 



22. The non- volatile memory cell^f claim 17, wherein the floating gate 
transistor includes a vertical floating gate transistor. 




A flash memory array, comprising 



a number of p-channel depletion mode, non- volatile memory cells, wherein 
each non-volatile memory celmncludes: 

a first source/irain region and a second source/drain region separated 

by ^depletion mode p-channel region; 
a floating/gate opposing the p-channel region and separated 
tnerefrom by a gate oxide; 

/ 

a control gate opposing the floating gate; and 
wherein the control gate is separated from the floating gate by an 

asymmetrical low tunnel barrier intergate insulator having a 
number of small compositional ranges such that gradients can 
be formed which produce different barrier heights at an 
interface with the floating gate and control gate; 
a number of sourcelines coupled to the first source/drain regions along a first 
selected direction in the flash memory array; 

^number of control gate lines coupled to the control gates along a second 
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selected direction in the flash memory array; and 

a number of bitlines coupled to the second source/drain regions along a third 
selected direction in the flash memory array. 

5 24. The flash memory array of claim 23, wherein the asymmetrical low tunnel 

barrier intergate insulator includes a metal oxide insulator selected from the group 
consisting of A1 2 0 3 , Ta^, Ti0 2 , Zr0 2 , Nb 2 q(, SrBiJa^, SrTi0 3 , PbTi0 3 , and 
PbZr0 3 . 

□ 

n 10 25. The flash memory array of claim 8.3, wherein the floating gate includes a 

jjj polysilicon floating gate having a metal/layer formed thereon in contact with the 

G asymmetrical low tunnel barrier intergate insulator. 

G / 

f . 26. The flash memory array of claim 25, wherein the control gate includes a 

£ ' / 

mJ 15 polysilicon control gate having a metal layer formed thereon in contact with the 

fy I 

p asymmetrical low tunnel barrier/intergate insulator, wherein the metal layer formed 



on the polysilicon control gate/includes a metal layer that has a different work 
function than the metal layeWformed on the floating gate. 

20 27. The flash memory array of claim 26, wherein metal layer formed on the 

floating gate includes apparent metal for the asymmetrical low tunnel barrier 
intergate insulator anc^the metal layer formed on the control gate includes a metal 
layer having a work function in the range of 2.7 eV to 5.8 eV. 



25 28. The flash memory array of claim 23, wherein the second selected direction 

and the third selected direction are parallel to one another and orthogonal to the first 



selected direction, and wherein the number of control gate lines serve as address 
lines. 
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29. The flash memory array of claim 23, wherein the/first selected direction and 
the third selected direction are parallel to one another and orthogonal to the second 
selected direction, and wherein the number of contro/gate lines serve as address 
lines. 

5 

30. The flash memory array of claim 23, wherein the first selected direction and 
the second selected direction are parallel to one another and orthogonal to the third 
selected direction, and wherein the number of bitlines serve as address lines. 

tj 10 [3lj An array of flash memory cells, cbmprising: 

CO a number of pillars extending outwardly from a substrate, wherein each pillar 

Q / 

p includes a first source/drain region, a/body region having a p-type channel, and a 




second source/drain region; 



a number of floating gates/opposing the body regions in the number of 

fy 15 pillars and separated therefrom by a gate oxide; 

Q / 

a number of control gates opposing the floating gates; 



a number of buried sourcelines disposed below the number of pillars and 
coupled to the first source/drain regions along a first selected direction in the array 
of memory cells; / 
20 a number of control gate lines formed integrally with the number of control 

gates along a second selected direction in the array of flash memory cells, wherein 
the number of control gates are separated from the floating gates by a low tunnel 



barrier intergate insulator having a number of small compositional ranges such that 
gradients can be^formed by an applied electric field which produce different barrier 
25 heights at an interface with the floating gate and control gate; and 

a number of bitlines coupled to the second source/drain regions along a third 
selected direction in the array of flash cells. 
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0 1 0 34. The array of flash memory cells^o? claim 33, wherein each control gate 

fli includes a polysilicon control gate having a metal layer formed thereon in contact 

5J / 

□ with the low tunnel barrier intergate insulator, wherein the metal layer formed on the 
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32. The array of flash memory cells of claim 3 1 , whetfein the low tunnel barrier 

it 

intergate insulator includes a metal oxide insulator selected from the group 
consisting of A1 2 0 3 , Ta^, Ti0 2 , Zr0 2 , Nb 2 0 5 , SrBi^a^, SrTi0 3 , PbTi0 3 , and 
PbZr0 3 . 



33 . The array of flash memory cells of clainp 1 , wherein each floating gate 
includes a polysilicon floating gate having a metal layer formed thereon in contact 
with the asymmetrical low tunnel barrier intetgate insulator. 



o 

polysilicon control gate includes a metal layer that has a different work function 
s than the metal layer formed on the' floating gate. 

ru is / 

35 . The array of flash memory cells of claim 34, wherein metal layer formed on 
P the floating gate includes apparent metal for the asymmetrical low tunnel barrier 

intergate insulator and th^metal layer formed on the control gate includes a metal 
layer having a work function in the range of 2.7 eV to 5.8 eV. 



36. The array ofMash memory cells of claim 31, wherein each floating gate is a 



vertical floating gate formed in a trench below a top surface of each pillar such that 



lite 

each trench houses a pair of floating gates opposing the body regions in adjacent 

/ 

pillars on opposing sides of the trench. 



25 



-52- 



D 

Ft 



SLWK 1303.035US1 
Micron 01-0884 

37. The array of flash memory cells of claim 3 1 , wherein the number of control 
gate lines are formed in the trench below the top surface of the pillar and between 
the pair of floating gates, wherein each pair of floating gates shares a single control 
gate line, and wherein each floating gate includes^ vertically oriented floating gate 
having a vertical length of less than 100 nanometers. 

38. The array of flash memory cells of daim 3 1 , wherein the number of control 
gate lines are formed in the trench below the top surface of the pillar and between 



y the pair of floating gates such that each trench houses a pair of control gate lines 

fU 10 each addressing the floating gates one/on opposing sides of the trench respectively, 

03 ~ / 

and wherein the pair of control gate^lines are separated by an insulator layer. 

39. The array of flash memory cells of claim 3 1 , wherein the number of control 

H 5 / 

nj gate lines are disposed vertically above the floating gates, and wherein each pair of 

hi / 

15 floating gates shares a single control gate line. 



40. The array of flash memory cells of claim 3 1 , wherein the number of control 



gate lines are disposedAvertically above the floating gates, and wherein each one of 



the pair of floating gates is addressed by an independent one of the plurality of 
20 control gate lines. B 

41 . The arra/ of flash memory cells of claim 31, wherein each floating gate is a 

fi 

horizontally oriented floating gate formed in a trench below a top surface of each 
pillar such that each trench houses a floating gate opposing the body regions in 
25 adjacent pillars on opposing sides of the trench, and wherein each horizontally 

oriented floating gate has a vertical length of less than 100 nanometers opposing the 
body region of the pillars. 
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42. The array of flash memory cells of claim 41 , wherein the plurality of control 
gate lines are disposed vertically above the floatin^gates. 

A programmable logic array, comprising 
a plurality of input lines for receiving^! input signal; 
a plurality of output lines; and 

one or more arrays having a first lof|ic plane and a second logic plane 
connected between the input lines and the output lines, wherein the first logic plane 
J and the second logic plane comprise a Plurality of logic cells arranged in rows and 

u 10 columns for providing a sum-of-products term on the output lines responsive to a 

ru / 

P3 received input signal, wherein eachflogic cell includes a vertical p-type non- volatile 

G / 

q memory cell including: / 

N 5 a first source/drain region formed on an n-type substrate; 

n I 

M» a body region m'cluding a p-type channel region formed on the first 



ry 
ru 



1 5 source/drain region; 



/ 

a second source/drain region formed on the body region; 
a floating gate opposing the p-type channel region and separated 
therefrom by a gate oxide; 



a control gate opposing the floating gate; and 
20 wherein the control gate is separated from the floating gate by a low 

tunnel barrier intergate insulator having a number of small 
compositional ranges such that gradients can be formed by an 
applied electric field which produce different barrier heights 
at an interface with the floating gate and control gate. 

25 
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7\44 An electronic system, comprising: 
a processor; and 

a memory device coupled to the processo^ wherein the memory device 
and/or processor includes an array of p-channelyaepletion mode flash memory cells, 
comprising: 

a number of pillars extending/butwardly from a substrate, wherein 
each pillar includes a first source/drain region, a body region 
having a p-type depletion mode channel region, and a second 
source/drain region; 

a number of floating gZes opposing the body regions in the number 
of pillars and^eparated therefrom by a gate oxide; 

a number of control gates opposing the floating gates; 

a number of buried sourcelines disposed below the number of pillars 



25 



and coupled to the first source/drain regions along a first 
selected direction in the array of memory cells; 
a number oficontrol gate lines formed integrally with the number of 
control gates along a second selected direction in the array of 
llish memory cells, wherein the number of control gates are 
/separated from the floating gates by a low tunnel barrier 
intergate insulator having a number of small compositional 
ranges such that gradients can be formed by an applied 
electric field which produce different barrier heights at an 
interface with the floating gate and control gate; and 
Pa number of bitlines coupled to the second source/drain regions along 
a third selected direction in the array of flash cells. 
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45. The electronic system of claim 44, wherein tljfe asymmetrical low tunnel 
barrier intergate insulator includes a metal oxide insulator selected from the group 
consisting of A1 2 0 3 , Ta^, Ti0 2 , Zr0 2 , Nb 2 0 5 , Srj^Ta^, SrTi0 3 , PbTi0 3 , and 
PbZr0 3 . 

46. The electronic system of claim 44, wherein each floating gate includes a 
polysilicon floating gate having a metal laye/ formed thereon in contact with the low 
tunnel barrier intergate insulator. 



47. The electronic system of claim 44, wherein each control gate includes a 
polysilicon control gate having a metaMayer formed thereon in contact with the low 
tunnel barrier intergate insulator, wherein the metal layer formed on the polysilicon 
control gate includes a metal layer tjiat has a different work function than the metal 
layer formed on the floating gate. 



48. The electronic system oi? claim 47, wherein metal layer formed on the 
floating gate includes a parent/metal for the asymmetrical low tunnel barrier 

intergate insulator and the metal layer formed on the control gate includes a metal 

II 

layer having a work function in the range of 2.7 eV to 5.8 eV. 



49. The electronic s/stem of claim 44, wherein each floating gate is a vertical 
floating gate formed in^a trench below a top surface of each pillar such that each 
trench houses a pair of floating gates opposing the body regions in adjacent pillars 
on opposing sides qjr the trench. 
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50. The electronic system of claim 44, whereinifiie plurality of control gate lines 
are formed in the trench below the top surface ofme pillar and between the pair of 
floating gates, wherein each pair of floating gates shares a single control gate line, 
and wherein each floating gate includes a vertically oriented floating gate having a 
vertical length of less than 100 nanometers. 



5 1 . The electronic system of claim 44//wherein the plurality of control gate lines 
are formed in the trench below the top surface of the pillar and between the pair of 
H" floating gates such that each trench hoi£es a pair of control gate lines each 

O ^ II 

0 10 addressing the floating gates one on opposing sides of the trench respectively, and 

n \ li 

wherein the pair of control gate lines are separated by an insulator layer. 

1 
O 

\a 52. The electronic system of claim 44, wherein the plurality of control gate lines 

L are disposed vertically above the floating gates, and wherein each pair of floating 

«i " If 

^ 15 gates shares a single control gate line. 

1 / 

{T 53. The electronic system of claim 44, wherein the plurality of control gate lines 

are disposed vertically above the floating gates, and wherein each one of the pair of 
floating gates is addressed by an independent one of the plurality of control lines. 



20 



54. The electronicysystem of claim 44, wherein each floating gate is a 



horizontally oriented/floating gate formed in a trench below a top surface of each 
pillar such that eac/trench houses a floating gate opposing the body regions in 
adjacent pillars onCpposing sides of the trench, and wherein each horizontally 
25 oriented floatin^gate has a vertical length of less than 100 nanometers opposing the 

body region of the pillars. 
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55. The electronic system of claim 54, wherei^ the plurality of control gate lines 
are disposed vertically above the floating gates, i 



A method of forming a floating gate transistor, comprising: 

/ 

forming a first source/drain region and a second source/dram region 
separated by a p-type channel -type substrate; 

forming a floating gate opposing^the p-type channel region and separated 
therefrom by a gate oxide; 
lje. forming a control gate opposing the floating gate; and 

5 10 forming an asymmetrical low tunnel barrier intergate insulator to separate 



u 
B 



25 




fu the control gate from the floating gate, wherein forming the low tunnel barrier 



intergate insulator includes a forming low tunnel barrier intergate insulator having a 



number of small compositionaJpanges such that gradients can be formed by an 
s applied electric field which ppduce different barrier heights at an interface with the 

fy 15 floating gate and control gate. 



57. The method of claim 56, wherein forming the asymmetrical low tunnel 
barrier intergate insulator includes forming a metal oxide insulator selected from the 
group consisting of Aip 3 , TaA, Ti0 2 , Zr0 2 , Nb 2 0 5 , SrBi^O^ SrTi0 3 , PbTi0 3 , 



20 and PbZr0 3 . 



58. The method of claim 56, wherein forming the floating gate includes forming 
a polysilicon floating gate having a metal layer formed thereon in contact with the 
asymmetrical low tunnel barrier intergate insulator. 
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59. The method of claim 58, wherein forming irie control gate includes a 
forming a polysilicon control gate having a meta/layer formed thereon in contact 
with the low tunnel barrier intergate insulator, Wherein the metal layer formed on the 
polysilicon control gate includes a metal layer mat has a different work function 

5 than the metal layer formed on the floating gate. 

60. The method of claim 59, wherein forming the metal layer on the floating 
gate includes a parent metal for the asymmetrical low tunnel barrier intergate 
insulator and the metal layer formed on the control gate includes a metal layer 

10 having a work function in the range of 2/7 eV to 5.8 eV. 



nt 




61\ A method for forming an array of flash memory cells, comprising: 

// 

forming a number of pillars extending outwardly from a substrate, wherein 
each pillar includes a first source/drain region, a body region having a p-type 
ry 1 5 channel region, and a second source/drain region; 

ji| forming a number of floating gates opposing the body regions in the number 



p of pillars and separated therefrom by a gate oxide; 

forming a number of control gates opposing the floating gates; 

forming a number of buried sourcelines disposed below the number of pillars 



20 and coupled to the first source/drain regions along a first selected direction in the 

array of memory cells; J 

forming a number^of control gate lines formed integrally with the number of 
control gates along a second selected direction in the array of flash memory cells, 
wherein the number of control gates lines are separated from the floating gates by an 

25 asymmetrical low tunnel barrier intergate insulator, wherein forming the 

asymmetrical low tunnel barrier intergate insulator includes a forming low tunnel 
barrier intergate insulator having a number of small compositional ranges such that 
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gradients can be formed by an applied electric field whicM>roduce different barrier 
heights at an interface with the floating gate and control gate; and 

forming a number of bitlines coupled to the second source/drain regions 
along a third selected direction in the array of flash ceus. 

62. The method of claim 61, wherein forming the asymmetrical low tunnel 
barrier intergate insulator includes forming a metalpxide insulator selected from the 
group consisting of A1 2 0 3 , TaA, Ti0 2 , Zr0 2 , Nb/o 5 , SrBiJaA, SrTi0 3 , PbTi0 3 , 



and PbZr0 3 . 

N io 



l J* 63. The method of claim 61, wherein forming each floating gate includes 

forming a polysilicon floating gate having a/metal layer formed thereon in contact 
with the low tunnel barrier intergate insulator. 



FU 15 64. The method of claim 63, wherein' forming each control gate includes forming 

ru // 

q a polysilicon control gate having a metal layer formed thereon in contact with the 

S II 

H low tunnel barrier intergate insulator,/wherein the metal layer formed on the 

polysilicon control gate includes a metal layer that has a different work function 
than the metal layer formed on the /floating gate. 



65. The method of claim 64^wherein forming the metal layer on the floating 
gate includes a parent metal fcwthe asymmetrical low tunnel barrier intergate 
insulator and the metal layer formed on the control gate includes a metal layer 
having a work function in the range of 2.7 eV to 5.8 eV. 
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66. The method of claim 61, wherein forming eacljf floating gate includes 
forming a vertical floating gate in a trench below a top surface of each pillar such 
that each trench houses a pair of floating gates opposing the body regions in 
adjacent pillars on opposing sides of the trench. 




67. The method of claim 61, wherein forming the plurality of control gate lines 
includes forming each control gate line inthe trench below the top surface of the 
pillar and between the pair of floating gates, wherein each pair of floating gates 
shares a single control gate line, and wherein each floating gate includes a vertically 
oriented floating gate having a vertical' length of less than 100 nanometers. 

68. The method of claim 61 , wherein forming the plurality of control gate lines 
includes forming a pair of control gate lines in each trench below the top surface of 
the pillar and between the pair^of floating gates such that each control gate line 
addresses a floating gate on opposing sides of the trench respectively, and wherein 
the pair of control gate lines/are separated by an insulator layer. 



69. The method of claim 61, wherein forming the plurality of control gate lines 
includes forming the control gate lines such that the control gate lines are disposed 
vertically above the floating gates such that each pair of floating gates shares a 
single control gate line. 



70. The method of claim 61, wherein forming the plurality of control gate lines 
includes forming the control gate lines such that the control gate lines are disposed 
vertically abojfe the floating gates, and forming the plurality of control lines such 
that each one^of the pair of floating gates is addressed by an independent one of the 
plurality oncontrol lines. 



/ 
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71. The method of claim 61, wherein forming each floating gate includes 
forming a horizontally oriented floating gate in a trench below a top surface of each 
pillar such that each trench houses a floating gate opposing the body regions in 
adjacent pillars on opposite sides of the trench,^and wherein each horizontally 
oriented floating gate has a vertical length of/ess than 100 nanometers opposing the 
body region of the pillars. 



72. The method of claim 71, whereijfthe forming the plurality of control gate 
lines includes forming the control gatjpnes such that the control gate lines are 
disposed vertically above the floating gates. 




/ 



A method for operating a p-type non-volatile memory cell, comprising: 
writing to a floating gat|4f the p-type non- volatile memory cell using 
channel hot electron injection,^Cherein the p-type non-volatile memory cell 
includes: g 

a first source/drain region and a second source/drain region separated 

a floating gate opposing the p-type channel region and separated 

^therefrom by a gate oxide; 
a control gate opposing the floating gate; and 
wherein the control gate is separated from the floating gate by an 

asymmetrical low tunnel barrier intergate insulator having a 
number of small compositional ranges such that gradients can 
be formed by an applied electric field which produce different 
barrier heights at an interface with the floating gate and 
control gate; 
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erasing charge from the floating gate by tunning electrons off of the 
floating gate and onto the control gate through the ^symmetrical low tunnel barrier 
insulator. 



Q 
□ 
fU 

m 



10 



74. The method of claim 73, wherein erasing charge from the floating gate by 
tunneling electrons off of the floating gate arin onto the control gate further through 
the asymmetrical low tunnel barrier insulator includes: 

providing a negative voltage to the substrate; and 
providing a large positive voltage to the control gate. 

75. The method of claim 73, wherein the method further includes writing to the 
floating gate by tunneling electrons/from the control gate to the floating gate 
through the asymmetrical low tunnel barrier insulator. 



lU 15 

fu 
s 
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76. The method of claim ^5, wherein writing to the floating gate by tunneling 
electrons from the control gate to the floating gate through the asymmetrical low 

tunnel barrier insulator further includes: 

ji 

applying a positive voltage to the substrate; and 
applying a large negative voltage to the control gate. 



77. The method of claim 73, wherein tunneling electrons from the floating gate 
to the control gate through the asymmetrical low tunnel barrier insulator includes 
tunneling electrons/from the floating gate to the control gate through an 
asymmetrical low tunnel barrier insulator selected from the group consisting of 
A1 2 0 3 , TaA, Ti() 2 , Zr0 2 , Nb 2 0 5 , SrBiJa^, SrTi0 3 , PbTi0 3 , and PbZr0 3 . 
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78. The method of claim 72, wherein tunneling dkctrons from the floating gate 
to the control gate through the asymmetrical low tunnel barrier insulator includes 
tunneling electrons through the asymmetrical lo^ tunnel barrier insulator having a 
barrier energy of approximately 2.0 eV. 




79. The method of claim 72, wherein tunneling electrons from the floating gate 

to the control gate through the asymmetrical low tunnel barrier insulator includes 

// ... 
tunneling electrons from a metal layer formed on the floating gate in contact with 

the low tunnel barrier intergate insulator to a metal layer formed on the control gate 

and also in contact with the low tunnel barrier intergate insulator. 

K / 

V 80\ A method for operating an array of p-channel flash memory cells, 
comprising: I 

writing to one or more 7 floating gates for a number of p-type non-volatile 

ti 

memory cells in the array of p-channel flash memory cells using channel hot 
electron injection, the arra/ of flash memory cells includes: 

a numbertof pillars extending outwardly from a substrate, wherein 
each pillar includes a first source/drain region, a body region 
^having a p-type channel, and a second source/drain region; 
a number of floating gates opposing the body regions in the number 

of pillars and separated therefrom by a gate oxide; 
anumber of control gates opposing the floating gates; 
a' number of buried sourcelines disposed below the number of pillars 
and coupled to the first source/drain regions along a first 
selected direction in the array of memory cells; 
If a number of control gate lines formed integrally with the number of 
control gates along a second selected direction in the array of 
flash memory cells, wherein the number of control gates lines 
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are separated from the floating gates by an asymmetrical low 
tunnel barrier intergate insulatcy having a number of small 
compositional ranges such thaff gradients can be formed by an 
applied electric field which/roduce different barrier heights 
at an interface with the floating gate and control gate; and 
a number of bitlines coupled to the second source/drain regions along 
a third selected directicm in the array of flash cells; and 
erasing charge from the one or more/floating gates by tunneling electrons off 

of the one or more floating gates and onto^he number of control gates through the 

asymmetrical low tunnel barrier insulator. 



8 1 . The method of claim 80, wherein erasing charge from the one or more 

/ 

floating gates by tunneling electrons off of the floating gate and onto the number of 
control gate through the asymmetrical low tunnel barrier insulator further includes: 

providing a negative voltage to a substrate of one or more p-type non- 
volatile memory cells; and / 

providing a large positive voltage to the control gate for the one or more p- 
type non-volatile memory cells. 



82. The method of claim 81, wherein the method further includes erasing an 

// 

entire row of non- volatile memory cells by providing a negative voltage to all of the 
substrates along an^entire row of p-type non- volatile memory cells and providing a 
large positive vojtage to all of the control gates along the entire row of non-volatile 
memory cells. 



4 



* 
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83. The method of claim 81 , wherein the r/ethod further includes erasing an 
entire block of non- volatile memory cells by providing a negative voltage to all of 
the substrates along multiple rows of nonvolatile memory cells and providing a 
large positive voltage to all of the control gates along the multiple rows of non- 
volatile memory cells. 



-66- 



